Background: Although pH assessment of vaginal secretions is beneficial for diagnosing vaginitis, it is not commonly done. The purpose of this study was to determine the performance characteristics of the VS-Sense (pH test) swab (Common Sense, Ltd., Caesarea, Israel) in augmenting the diagnosis of vaginitis. Methods: We prospectively studied 193 women with acute vulvovaginal symptoms and 74 asymptomatic controls at three medical centers. The VS-Sense swab was administered intravaginally, and results were interpreted by a nurse. These results were compared with final clinical and laboratory diagnoses. Results: In women with an elevated pH caused by bacterial vaginosis (BV), trichomonas, and other types of vaginitis, the VS-Sense test sensitivity and specificity were 82.3% (102 of 124) (95% CI 74.4%-88.5%) and 94.2% (129 of 137) (95% CI 88.8%-97.4%), respectively. There was an 86.2% (95% CI 81.3%-90.1%) overall agreement between pH paper and VS-Sense swab results. Conclusions: The VS-Sense test offers an alternative approach to measuring vaginal pH with nitrazine paper. Use of this simple, more rapid test may facilitate the diagnosis of vulvovaginitis.
Introduction

V
ulvovaginal symptoms are extremely common in women of all ages. Many women suffer from infectious vaginitis, notably bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), and trichomoniasis, which are responsible for approximately 13 million office visits annually in the United States alone. 1 Many additional women self-diagnose and self-treat, using over-the-counter (OTC) medication, even though this practice is fraught with problems. 2 There is a paucity of reliable point of care tests for diagnosing vaginitis. Further, a simple test to help symptomatic women self-triage to either treatment with an OTC antifungal medication or clinical evaluation would be beneficial. Simple algorithms to facilitate diagnosis have recently appeared that are based on measurement of vaginal pH. 3, 4 Unfortunately, few practitioners use pH indicator paper or other diagnostic tests. [5] [6] [7] [8] [9] [10] The VS-Sense swab (Common Sense Ltd., Caesarea, Israel) was designed to determine vaginal pH. It consists of a swab that changes color in the presence of an elevated vaginal pH. As with nitrazine paper, an elevated vaginal pH indicates the possibility of a variety of pathological entities, such as BV, trichomoniasis, atrophic vaginitis, and other less common vaginal disorders. 10 In contrast, a lack of color change would indicate a normal pH compatible with most cases of VVC or no intravaginal infection. In contrast to pH paper, which should not be applied directly to the vaginal mucosa, the VSSense swab can be used to sample and interpret results without transferring the specimen from a cotton-tipped applicator to pH paper; further, a separate pH reference scale is not required. If shown to be accurate, the VS-Sense swab would provide another option for facilitating the diagnosis of vaginitis. In particular, the swab would help discriminate BV and trichomoniasis from other conditions. The purpose of this study was to determine the performance characteristics of the VS-Sense swab in asymptomatic controls and in women with acute vulvovaginal symptoms.
Materials and Methods
Women with or without vulvovaginal symptoms at three medical centers were invited to participate in the study. Inclusion criteria included age >18, acute vulvovaginal symptoms or no symptoms, pregnancy, and regular menstruation. Exclusion criteria included menopausal status, visible presence of blood in vaginal secretions, vaginal intercourse or douching within the previous 12 hours, use of vaginal topical medications within the previous 72 hours, and symptoms and signs of pelvic inflammatory disease (PID) (e.g., pain, fever).
Informed consent was obtained from each participant. Protocols had been reviewed and approved by Investigational Review Boards at each study site.
After consent was obtained at each site, a nurse obtained a vaginal specimen using the VS-Sense swab. The color change was immediately read and recorded. A blue or green color was considered positive, indicating an elevated pH (Fig. 1A) . No color (yellow swab) was considered a negative result and consistent with a normal pH (Fig. 1B) . Subjects then had a vaginal speculum examination performed by a blinded nurse. Vaginal specimens were obtained for microscopic examination, gram stain (Nugent's score), and cultures for yeast and Trichomonas. Vaginal pH was measured by swabbing the midthird of the vagina (avoiding the cervical os and posterior fornix) using a cotton-tipped swab and applying the swab to nitrazine paper, with a pH reading obtained using the commercial scale supplied by the manufacturer. After all the clinical and laboratory results were available, the local principal investigator ( J.D.S., D.G.F., and P.N.) determined the final clinical diagnoses while still blinded to the result of the VS-Sense test performed by the nurse. VVC was diagnosed by either a positive yeast culture or the presence of pseudohyphae or blastospores detected during microscopic examination, BV was diagnosed by Amsel's criteria or a positive Nugent's score (>7), and Trichomonas vaginitis was diagnosed by a positive culture or evidence of motile trichomonads on saline wet preparation examination.
The primary end point was the nurses' interpretation of the VS-Sense test result. A true positive (pH > 4.7) was defined as the VS-Sense test turning blue or green and the presence of a clinical diagnostic entity associated with an elevated vaginal pH (BV, trichomoniasis, atrophic vaginitis, desquamative inflammatory vaginitis [DIV]). A false positive was defined as the VS-Sense test turning blue or green in the absence of a clinical diagnostic entity (i.e., blood, mucus, or test error) associated with an elevated pH. A false negative was defined as the VS-Sense test remaining yellow in the presence of a clinical diagnostic entity associated with elevated pH. A true negative was the VS-Sense test remaining yellow in the absence of a clinical diagnostic entity associated with elevated pH. Sensitivity, specificity, and 95% exact binomial confidence intervals (C=s) were estimated by comparing test results.
Results
A total of 267 women met inclusion criteria and signed consent forms. Six women were excluded because of protocol violations, leaving 261 evaluable patients constituting the modified intent-to-treat (MITT) population. These 6 women were excluded as follows: sexual intercourse within 12 hours of examination (n ¼ 1), menstrual blood in vagina (n ¼ 2), cancellation of informed consent (n ¼ 2), and missing data (n ¼ 1). The demographic data are shown in Table 1 . Of note, 90.8% of the women had a history of a previous vaginal infection. The final diagnoses were as follows: BV 103, candidiasis 72, Trichomonas vaginitis 11, dermatitis 5, lichen simplex 2, vestibulitis 2, cytolytic vaginosis 1, cervicitis 1, and vulvar pruritis 1.
FIG. 1. VS-Sense test results. (A)
A black color is a positive result, indicating an elevated pH >4.7. (B) A white (no change) swab is a negative result, indicating a normal pH <4.7. Final clinical diagnoses for the 261 women were compared with VS-Sense results ( Table 2 ). The sensitivity and specificity of the VS-Sense test in women with an elevated pH (>4.7) due to BV, trichomoniasis, and other vulvovaginal conditions were 82.3% (102 of 124) (95% CI 74.4%-88.5%) and 94.2% (129 of 137) (95% CI 88.82%-97.4%), respectively. The sensitivity and specificity of the VS-Sense test for symptomatic women (187) only were 82.1% and 93.8%, respectively. In order to provide a frame of reference for Table 2 , the final clinical diagnoses were also compared with pH test results. The sensitivity and specificity of the pH test were 91.1% (95% CI 85.7%-94.9%) and 94.2% (95% CI 88.8%-97.4), respectively, for vaginal conditions associated with an elevated pH (>4.7).
In reviewing the case report forms, there were 25 patients (25 of 261, 7.0%) in whom the nurses had been unsure how to interpret the VS-Sense test results. According to the protocol, any color change result of uncertain significance was to be considered a negative test. However, these minimal change test results were reported as positive. When these 25 patients were excluded from the analysis, the sensitivity and specificity were 91.8% (95% CI 85.0-96.2) and 92.9% (95% CI 86.9-96.7), respectively.
We also examined agreement between the VS-Sense test results and pH paper results (Table 3 ). There was an overall 86.2% (95% CI 81.3%-90.1%) agreement between test results (kappa ¼ 0.72). More discordance favored a negative VSSense test and positive pH paper result.
Discussion
In the present study, the VS-Sense test was moderately sensitive and specific in detecting an elevated vaginal secretion pH. In clinical practice, a positive result may indicate BV, trichomoniasis, or other vaginal pathology requiring treatment. False positive results may arise from inadvertent sampling of blood, mucus, or semen. Any pH testing should be considered along with other laboratory and clinical findings to derive a final diagnosis. We found the VS-Sense test was comparable but not superior to pH paper; however, the VSSense test involves fewer steps and less time for sampling and interpretation.
Inadequate use of available tests for vaginitis has had a negative effect on the quality and accuracy of diagnostic decision making that women receive at the hands of practitioners. 10 Multiple studies have emphasized the inability of practitioners to accurately diagnose and identify the correct cause of vulvovaginal symptoms based on clinical signs alone. 5, 9 Routine microscopy is performed infrequently, and quality in performing microscopy appears to be a vanishing skill, which is also time consuming and often not available. 10 Much has been made of the usefulness of vaginal pH measurement in facilitating diagnosis. Trichomoniasis and BV rarely are associated with normal pH. Consequently, the finding of a normal pH measurement in a symptomatic woman essentially indicates another cause of vaginitis. On the other hand, an elevated pH means trichomoniasis or BV may be present. Because the VS-Sense test does not distinguish between BV and trichomoniasis or the other types of vaginitis (atrophic vaginitis, DIV, or erosive lichen planus), additional laboratory studies are mandatory to confirm a specific diagnosis. Interestingly, our study identified some women with elevated pH detected by both pH paper and the VS-Sense test where the final diagnosis was not one typically associated with a high pH. Some of them had acute VVC, whereas others were normal control subjects with an elevated pH perhaps caused by the absence of a Lactobacillus-dominated flora, as frequently occurs after douching or recent antibiotic use. The elevated pH may also have been caused by inadvertent sampling of cervical mucus, blood, or semen. This group of women underscores the fact that vaginal pH, no matter how it is measured, is only one of several tests that need to be performed to establish an accurate diagnosis.
Unfortunately, widespread use of vaginal pH measurement using nitrazine paper has not become an established step in evaluation of vulvovaginal symptoms and is taught infrequently to residents in training. Difficult access to nitrazine paper because of point of care quality control issues and difficult to interpret gradations on reference scale color changes are likely explanations for the lack of pH measurement. Further, nitrazine pH paper should not contact the mucosal epithelium because of toxicity concerns. Consequently, a three-step process must be employed using a small cotton-tipped applicator to first obtain a sample, then transfer it to pH paper, and finally compare the reaction with a separate color reference chart of multiple colors. Any device that eliminates these steps and provides an immediate, easily interpreted positive or negative result may encourage and facilitate more widespread pH testing.
Although this was not a study to determine the ability of women to self-insert the VS-Sense swab or to interpret the results, perhaps in the future, symptomatic women will be able to acquire and use the swab prior to procuring OTC antimycotic topical agents. 11 Finding a positive VS-Sense test may help prevent unnecessary and inappropriate use of these antifungal therapies and would direct women to practitioners for a more definitive diagnosis. Further investigation of the selfdiagnostic use of the VS-Sense test could potentially assist remote telephone-based decisions. Our study was limited by the exclusion of menopausal women, women with visible blood in the vagina, and women who had recent sexual intercourse. Sampling under these conditions would likely result in a positive VS-Sense test result regardless of whether the women had an underlying vaginal infection. Therefore, to avoid false positive results, the VS-Sense test should not be used under these circumstances. We also observed some confusion in interpreting some of the VS-Sense test results. Inclusion of very clear photographic examples of these minimal color change (negative) test results in a package insert would help to minimize interpretation error. This appears to be more an educational issue rather than simply a learning curve phenomenon. We did not evaluate the use of VS-Sense for testing of amniotic fluid or as a method to discriminate vaginitis from sexually transmitted infections. 12 Finally, we did not include a criterion standard for pH measurement. Inclusion of a pH meter-derived result may have been helpful for comparative purposes and should be included in further studies.
In conclusion, the VS-Sense test is a simple, rapid, alternative pH test to facilitate the diagnosis of vulvovaginal symptoms in women.
